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Abstract 
The goal of the City of Boston’s Firehouse Energy Efficiency project is to reduce 
energy consumption throughout the fire stations in Boston. To accomplish this goal, the 
project team first investigated different appliances in fire stations and how firefighters 
utilized the appliances. In addition, the project team observed the cooling, heating and 
lighting systems that fire stations employed and noted how individual stations operated 
these particular systems. The project team then used these data to calculate the energy 
consumption of individual fire stations and detail how energy was consumed. This 
knowledge served as a basis for a multitude of recommendations the project team offered 
to the City of Boston to retrench on both energy consumption and the associated costs. 
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Executive Summary 
Energy consumption has become a significant concern of society in the past ten 
years, stemming partly from rising oil prices and global warming predictions. In order to 
deal with these issues, people around the world are trying to reduce their dependence on 
fossil fuels, which greatly contribute to global warming. The City of Boston is no 
exception. Boston has set a goal to reduce greenhouse gas emissions to eighty percent 
below 1990 emissions levels by 2050. This is an ambitious goal that requires the 
cooperation of everyone in the City.  
Buildings are known to be one of the largest consumers of energy. The City of 
Boston is going through the process of modifying all of its municipal buildings to make 
them energy efficient; Boston’s fire stations are buildings affected by this process. The 
project team was asked by the City of Boston Environment Department (ED) to work 
with the Boston Fire Department (BFD) to provide advice and recommendations on 
improving the energy efficiency of the fire stations. 
The goal of the project was to highlight opportunities for the reduction of energy 
consumption in Boston fire stations through the purchase of high efficiency appliances. 
During the project group’s investigation of this goal, however, it was determined that 
additional opportunities for energy reduction would yield higher savings. By 
investigating a multitude of opportunities for energy conservation, the project group was 
able to provide the City of Boston with multiple ways to reduce energy consumption in 
the fire stations.  
At the start of the project, the City of Boston had limited or unconfirmed 
information on the energy consuming assets located inside individual fire stations. The 
first step in the project was to inventory and investigate each fire station in order to 
determine the opportunities for energy conservation. Through an analysis of station 
inventories, along with an analysis of the overall energy consumption of the stations, it 
was determined that appliances would not provide the greatest energy savings for the 
City. While purchasing energy efficient appliances would provide some energy savings, 
greater savings could be found by making changes to the cooling, heating, and lighting 
systems of the stations.  
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Using these findings as a basis, the project team investigated ways for reducing 
the energy consumption in these systems in addition to the analysis of the appliances in 
the stations. Through the project group’s investigations and analysis, various 
recommendations for how to reduce the energy consumption in the fire stations were 
formulated. 
Improving the energy efficiency of a building is not simple. The 
recommendations developed by the project team will help to improve the energy 
efficiency in Boston fire stations. The improved efficiency of the fire stations will then 
contribute to the City’s goal of reducing greenhouse gas emissions.  
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1.0 Introduction 
 Energy efficiency has become a primary concern of society in the past ten years, stemming 
in part from rising oil prices and global warming predictions. Many new approaches for reducing 
energy consumption have been developed, and many old techniques have been revamped because 
of the ongoing concerns. Energy auditing is one of the most useful approaches for reducing energy 
consumption. Building owners and managers use energy audits to assess the efficiency of 
equipment, such as water heaters, heating, ventilation, air conditioning systems (HVAC) and other 
appliances
1
 throughout buildings. Energy audits are useful to determine areas of large energy 
consumption inside buildings. Identifying these areas allows the building owner to reduce energy 
consumption by improving them through purchasing energy efficient appliances, improving 
building envelopes and updating heating and cooling systems.  
There are many energy efficient appliances on the market. Appliances with an Energy Star 
rating have met program requirements. In order to meet Energy Star (2011a) requirements, the 
appliance must show significant energy savings nationwide (Para. 2). Even with many energy 
efficient appliances available, there are many other appliances on the market that use an excessive 
amount of energy. These energy inefficient choices often are appealing due to their lower initial 
price, but energy efficient appliances can end up saving money in the long run. In order for Boston 
to reduce its energy consumption rate, the businesses and residents of Boston must purchase 
energy efficient appliances.  
It is important for Boston’s businesses and residents to investigate potential energy 
reduction through home improvements. The updating of building envelopes, coupled with the 
improving of heating and cooling systems, can yield high energy reduction results. With energy 
resources quickly dwindling and the environmental impacts of fossil fuel consumption increasing, 
reducing energy consumption has become vitally important in the nation today. 
 Within the City of Boston there are thirty-six fire stations, each station different from 
another in terms of location, size, and duties. A general lack of knowledge about the buildings’ 
appliances and envelopes has created a desire for information pertaining to these categories and 
how they relate to energy consumption in each fire station. The project group visited eighteen fire 
stations throughout Boston, inventoried city-owned appliances, and made observations on the 
lighting, heating and cooling systems in the buildings. After inventorying the appliances and 
                                                 
1
 We recognize that fire department defines appliance as fire trucks and other equipment, but in this project when we 
refer to appliance we are only including electrical appliances. 
 2 
 
creating a sustainable system to track them, a simple protocol was provided to the City of Boston 
Environment Department and the Fire Facilities director to continue this process in the future. The 
team used Energy Star appliance energy consumption data to analyze the benefits of replacing 
appliances with Energy Star qualified appliances. The project team also used past billing data, 
provided through Mass Energy Insight, to estimate energy consumption used for heating and air 
conditioning. All of these data were compiled and analyzed in order for the project group to 
recommend ways to reduce energy consumption throughout the Boston fire stations. 
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2.0 Background 
Since the industrial revolution, the world has been eating away at its finite resources. 
Although the consequences of such actions are unsustainable, industrialized nations have continued 
to consume natural resources at an increasing rate. The seemingly endless rises in energy costs 
have awakened communities to the impending shortages of energy resources and the economic 
benefits of decreasing energy consumption. The City of Boston, well aware of rising energy costs, 
has begun to take steps toward lowering the City’s energy consumption rate.  A report released by 
the Climate Action Leadership Committee [CALC] and the Community Advisory Committee 
[CAC] (2010) claims, “The Boston community must collectively reduce its emissions of carbon 
dioxide and other greenhouse gases, the primary cause of recent climate change, by at least 25% by 
2020, and then by 80 percent by 2050” (p. 6). This project has been designed to help the Boston 
Fire Department to cut its energy consumption by developing recommendations on methods for 
conserving energy in fire stations. In this chapter we will provide contextual information on topics 
such as utility companies and their role in energy reduction, appliances and how they consume 
energy, basic information on electrical calculations, the financial side of replacing appliances, and 
what Boston is doing to try to reduce its energy consumption. 
2.1 Energy Usage in Buildings 
 Although there are many ways people can conserve energy, one of the best ways to 
conserve energy is by decreasing the energy consumption of the buildings. Buildings incorporate 
many operational systems which are typically the main sources of energy consumption in buildings 
and therefore provide many areas where energy efficiency can be improved upon. In his book, 
Energy Efficient Building Systems: Green Strategies for Operation and Maintenance, Lal 
Jayamaha (2007) classifies the systems into the following categories: air-conditioning and central 
chiller systems, boilers and heating systems, pumping systems, cooling towers, air handling and 
distribution systems, lighting systems, electrical systems, building automation systems, and 
building envelopes. Even if buildings don’t carry all of these, occupants can still save energy by 
keeping the systems they do have up-to-date and well maintained. In order to properly understand 
the energy consumption of each of the operational systems, the overall operations of the building 
need to be considered. 
 The best way to retrofit a building with energy efficient equipment begins with 
understanding the energy usage of a building. Energy audits can locate inefficiencies in any 
building; however, a third party, unbiased and comprehensive energy audit will most likely be 
costly. One way to avoid costly audits is to understand the type of building that is being audited. 
 4 
 
By understanding the use of a building, the consumption of each of the systems in the building can 
then be roughly estimated, allowing building owners or managers to buy energy efficient 
equipment for the systems that are used the most (Doty, 2008, p. 21). To illustrate the differences 
in energy use, Figure 1 has been provided which shows energy end use in office buildings and 
residential buildings. 
 
 
Figure 1. Estimated Energy End Use in Common Residential Buildings and Office Buildings (Doty, 2008, p. 21, p.47) 
 
Figure 1 demonstrates how different types of buildings utilize energy according to their 
needs.  In both types of buildings, it makes sense to retrofit inefficient heating systems first since 
they consume the most energy.  On the other hand, water heating accounts for only 2% of the 
energy consumption in office buildings, whereas it takes up 17% in the average home. This would 
make it more sensible to retrofit this system in a home rather than in an office (Doty, 2008, p. 21).  
Perhaps the most appealing aspect to increasing the energy efficiency in buildings is not the 
decrease in energy consumption, but the subsequent lower costs associated with running more 
energy efficient equipment. Although initial costs of energy efficient systems may seem daunting, 
cost-benefit analyses can prove that most energy efficient equipment will eventually pay for itself. 
For example, if one hundred 75-watt incandescent light bulbs that run twenty four hours a day, 365 
days a year, were replaced with 15-watt florescent light bulbs, providing comparable illumination, 
on a $0.10 per kilowatt-hour tariff, the savings would add to more than $5,000 dollars per year 
(Jayamaha, 2007, p.194). This would easily cover the initial costs of the fluorescent light bulbs 
9% 
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17% 
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with a substantial amount of money left over. This surplus could then be used to help fund the 
initial costs of retrofitting another operational system in the building.  
2.1.1 Utilities 
 “Utilities” usually refer to energy services provided to buildings from an outside source. 
Examples are gas and electricity providers, water management, and sewage management. Utility 
companies are key to building operations since the basic amenities they supply are essential for 
living or having a comfortable work environment. The most commonly used energy utilities for 
any building’s operation usually consist of the electric and gas utilities. However, these two 
utilities must be managed wisely to cut costs and benefit the environment.  
 There is a popular misconception today that electricity is a clean energy source. The often-
overlooked aspect of electricity is that it is manufactured with processes that are typically not 
environmentally friendly. In fact, the United States Department of Energy (DOE, 2011c) has found 
that, “fossil fuels – coal, oil and natural gas – provide more than 85% of all energy used in the 
United States” (Para. 1). In addition, the DOE (2011a) adds that, “coal is the workhorse of the 
nation’s electric power industry, supplying more than half the electricity consumed by Americans” 
(Para. 1). This means that every time an electric appliance is plugged into a wall and left running, it 
is more than likely that it is demanding output from a coal burning power plant, which is adding 
greenhouse gases to the atmosphere.  
 Utility companies understand the necessity of reducing energy consumption and the need to 
offset effects to the environment from greenhouse gases. Therefore, many utility companies offer 
incentive programs to consumers to make their homes more energy efficient. Incentives typically 
include “promoting energy efficiency [and] renewable energy technologies” (Department of 
Energy, 2011b, Energy Incentive Programs). Utility companies often provide incentives by 
providing the consumers they serve with a free energy audit, where a representative from the utility 
company will come to the property to inspect buildings for areas of energy inefficiency. 
Representatives then offer recommendations to decrease energy consumption based on the results. 
Utility companies also offer payback, reimbursement, and cost-sharing type incentives for their 
customers.  
2.1.2 Understanding Units of Electricity 
 Understanding units of electricity is necessary to understand the electrical usage in a 
building. There are three main units of electricity. These units are known as voltage (V), current 
(I), and resistance (R), which are related by the equation I = V/R. A common way to explain these 
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units is to use the analogy of water flowing through a pipe. The voltage unit refers to the force of 
the moving electrons. In a water pipe, this would be equivalent to the pressure pushing water 
through the pipe. Voltage is measured in volts. The unit of current is a measure of how many 
electrons are moving. In a pipe analogy, current would be the amount of the water flowing through 
the pipe. Amps or amperage is the measuring unit of current. Resistance is the unit that measures 
how difficult it is for electrons to move. Water traveling through a pipe encounters friction, the 
equivalent to electrical resistance, making water flow with greater difficulty. Ohms are the unit for 
measuring the resistance of electricity. 
 Using these three basic units of electricity, a fourth unit can be derived. This unit, known as 
a watt, is a measurement of electrical power, the product of amperage and voltage. Electrical 
appliances often will state how many watts they use on the back. This value, multiplied by the 
operating time of the appliance, provides the total amount of energy that the appliance has 
consumed. It is this value, typically measured in kilowatt-hours (kWh) that can be read off an 
electrical meter to determine how much electrical energy a particular building or appliance has 
consumed (HSW, 2011).   
2.1.3 Appliances and Energy Star Ratings 
  The appliance category includes all of the equipment that one would find plugged into an 
electrical socket. Small appliances include, but are not limited to, power tools, blenders, toasters, 
and microwave ovens. Major appliances include equipment most people find “necessary” for 
buildings, such as water heaters, refrigerators, air-conditioners, and stoves. There are many 
different manufacturers and brands which produce different versions of these appliances. With so 
many options to choose from, however, it can often be confusing for consumers to make energy 
efficient purchases.  
Energy Star, a program created in 1992 by the Environmental Protection Agency (EPA) in 
conjunction with the U.S. Department of Energy, places its seal of approval on select appliances 
that meet its criteria for energy efficiency (Nersesian, 2007). This program was created in the hope 
that, by informing the general public about comparative energy efficiencies, consumers would 
begin to make educated decisions that would lead to lower greenhouse gas emissions without 
excessive spending or sacrificing quality of life. To qualify for the Energy Star (2011a) label, a 
product must meet the following criteria: 
Product categories [different appliances] must contribute significant energy savings 
nationwide. Qualified products must deliver the features and performance demanded by 
consumers, in addition to increased energy efficiency. If the qualified product costs more 
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than a conventional, less-efficient counterpart, purchasers will recover their investment in 
increased energy efficiency through utility bill savings, within a reasonable period of time. 
Energy efficiency can be achieved through broadly available, non-proprietary technologies 
offered by more than one manufacturer. Product energy consumption and performance can 
be measured and verified with testing. And labeling would effectively differentiate products 
and be visible for purchasers (Para. 2). 
Energy Star’s requirements for earning its label are thorough, leaving consumers little 
reason to buy an appliance without the seal of approval. In addition to initial requirements, Energy 
Star’s policies for revising its specifications are extremely sound. Energy Star (2011a) informs 
consumers that, “a market share of Energy Star qualified products in a particular category of 50% 
or higher will prompt consideration for a specific revision” (Para, 3). Furthermore, the article states 
that revisions will be made when there is a change in the efficiency standards that the Federal 
Government dictates, when technology advances enough that appliances previously deemed as 
energy efficient become relatively inefficient, when “product availability” becomes inconvenient 
for consumers, or when faults are found with the way that the EPA conducted research on such 
products. These revision processes, coupled with the criteria for qualifying Energy Star appliances, 
decrease the amount of effort needed for the general public to become more energy efficient.  
2.1.4 Human Behavior in Energy Consumption 
 Human behavior is perhaps one of the most important things to consider when investigating 
energy consumption and conservation. For example, one homeowner may have an extremely 
inefficient air conditioner, while his neighbor owns a brand new air conditioner that is extremely 
efficient. Regardless of how inefficient the first neighbor’s air conditioner is, if he hardly ever uses 
it, he will use less energy than his neighbor who runs the efficient air conditioner all the time. 
While this is an extreme example, it shows that the way in which the consumer uses an appliance 
will affect the amount of energy it consumes. This example can be applied to any appliance in any 
building. If people don’t use their energy conservatively, no matter how efficient the products they 
buy, they are always going to be wasting energy. This is why energy efficiency incentives are 
necessary, so that the general public remains concerned and aware of energy consumption and 
desires to lower the amount of energy that they consume. 
2.2 Equipment Life 
Gransberg et al. (2006) present three different types of equipment life that should be 
considered when evaluating a piece of equipment: physical life, profit life, and economic life. 
 8 
 
Physical life refers to the ability of a piece of equipment to function. Over the physical life of a 
piece of equipment, operation and maintenance costs will increase. Profit life is the period over 
which the equipment can earn a profit. Equipment that is used beyond this point will cause a loss 
of profit for the organization. Figure 2 provides a graphical representation of a piece of 
equipment’s profits over its life. After a point, as the age increases, the profits decrease which can 
be seen as the economic life. 
According to Gransberg et al. (2006), economic life is the most optimum life to consider 
for replacing a piece of equipment. Economic life is the period where profits are maximized over 
the equipment’s life. The end of the economic life is the most profitable time to replace the 
equipment, as the profits for that equipment have been maximized. Continued use of the equipment 
will see a reduction of the profits gained from its use due to the increased cost of operation and 
maintenance. The end of the economic life can be seen in Figure 2 as the peak of the profit curve. 
 
Figure 2. Equipment Life as the Peak of Profit Curve (Gransverg et al., 2006, p.60) 
Proper timing of equipment replacement is needed to hit the end of economic life and prevent a 
reduction in profits.  
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2.3 Replacement Analysis 
Gransberg et al. (2006) present replacement analysis as “analytical tools to compare 
alternatives to replace a piece of equipment that has reached the end of its useful life” (p. 39). 
There are both theoretical methods and practical methods used to accomplish this task. Five 
different theoretical replacement methods that can be considered are the intuitive method, the 
minimum cost method, the maximum profit method, the payback period method, and the 
mathematical modeling method. 
According to Gransberg et al (2006), the minimum cost method is the most applicable to 
public organizations that have a large amount of equipment, such as the City of Boston. The idea 
behind the minimum cost method is to replace equipment when the overall cost of operating and 
maintaining a piece of equipment is minimized. Since it focuses on minimizing costs rather than 
maximizing profits, the minimum cost method is the most optimal solution for public organizations 
that are not looking to turn a profit. Specifically in this model, the decision to replace equipment is 
made when the estimated annual cost of the current equipment for the next year exceeds the 
minimum average annual cumulative cost of the replacement. 
Practical replacement methods are highly specific and will vary from organization to 
organization. They are, however, often based on theoretical replacement methods. Practical 
replacement methods will be discussed more in Chapter Four. 
2.3.1 Net Present Value 
The net present value (NPV) is a method of evaluating the worth of investments, or in this 
case equipment replacement. Baker (2000) defines the net present value as the sum of the present 
values (PV) of the individual amounts in an income stream. This definition relies on two terms: 
present value and income stream. An income stream is a collection of amounts representing the 
money gained or lost during a discrete period of time. Income streams can represent any sort of 
flow of money, such as the total profits and expenses of a corporation on a yearly basis, or the 
initial cost and profits that are gained from operating a piece of machinery on a monthly basis. 
Generally, gained money is represented as a positive amount and lost money is represented as a 
negative amount.  
Present value is the value of money at a given date adjusted or discounted to reflect the 
time value of money. The most common application of PV is for compound interest, which is  
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calculated with the formula  
 
Equation 1. Present Value Equation 
where i is the discount rate and C is an amount of money some time t (usually years) in the future. 
The discount rate is usually the rate that would be earned if the money was invested elsewhere 
such as in a bank. Different uses of PVs can have different formulas for calculation of varying 
complexity. Each amount in an income stream will be converted to PVs and then summed in order 
to calculate the NPV. 
Baker (2000) uses the NPV in order to determine if a specific investment would be 
profitable or not. Since NPV takes into account both profits and expenses, it can be either positive 
or negative. In most cases, if the NPV of the investment is positive, it will be profitable to pursue, 
otherwise, if it is negative, the investment would be costly. There can be other factors that could 
cause an investment with a positive NPV to be costly or an investment with a negative NPV to be 
profitable. Two different investments can be compared as well using NPVs; generally whichever 
investment has a higher NPV will be more profitable.  
2.4 Incentives 
Incentives are plans and policies used by organizations to attempt to increase a consumer’s 
participation in energy conservation. The idea behind incentives is that, by providing consumers 
with some benefit to being energy efficient, the incentives will be able to provoke participation. 
Stern (1992) gives a psychological viewpoint on the topic of energy conservation and the creation 
of incentives for that purpose. His analysis starts by identifying two key questions, “which actors 
are most important in terms of the energy they use or the energy savings they can influence and for 
each type of actor, which actions have a large impact” (p. 1225). Stern points out that more energy 
savings can be recovered by changing the actions of the producers of goods and services rather 
than those of consumers of goods and services.  
There are three categories of energy using actions identified by Stern (1992). They are 
direct energy-using actions, technology choices, and policy choices. Direct energy-using actions 
are actions that cause energy to flow through technology. These include everyday actions such as 
turning on a light or driving a car. Even though the amount of energy consumed by these actions is 
minimal, when these actions are considered on a national scale, they can add up to a significant 
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amount. Technology choices target the buildings and equipment through which energy will flow. 
This indirectly affects energy usage by determining the efficiency of the tools which are used by 
direct energy-using actions, and thus the amount of energy that they consume. Policy choices are 
even more indirect in terms of their effects on energy consumption. Policies in this case mean 
choices that “create incentives, constraints, or opportunities affecting energy consumers’ actions” 
(p. 1225). These policies can greatly affect how users will consume energy by changing their direct 
energy-using actions or controlling their technology choices, such as buying higher energy 
efficiency lights or making an effort to turn off lights.  
Stern (1992) goes on to say that technology choices tend to be more important than the 
direct energy-using behaviors. Energy consumption can be decreased more effectively by buying a 
fuel-efficient vehicle than by carefully using an inefficient one. In addition to this, technology 
choices have an additional aspect to them, “Adopting new technology is often perceived as an 
improvement in the quality of life, whereas cutting direct energy use is usually perceived as 
sacrifice” (p. 1226).  
Of the ways to change energy use behavior in consumers through policy, Stern (1992) first 
presents the two ways that have the most research behind them: information and money. For 
information, methods where the consumer is provided with information about energy efficiency, 
what is important is not only how much information is given, but also how it is conveyed. 
Changing the way that information is presented can increase the amount of energy that is saved, 
even given the same information. Money has a profound influence on energy choices. However, 
like information, money is not solely dependent on the amount of money being dealt with. 
Different kinds of incentives, such as rebates, price cuts, grants, and loan subsidies, are 
traditionally measured with a formula called “net present value,” as previously discussed, which 
evaluates the numerical value of the incentive. Incentives that have the same net present value, 
however, can have different effects on consumers. For example, “households respond more 
favorably to grants to defray the cost of home insulation than to loan subsidies of net present 
value” (p. 1228).  
As Stern outlines, the majority of incentives that are used today are monetarily based. 
Examples of these are tax deductions, tax exemptions, loans, rebates, and grants. Some specific 
examples are the New Generation Energy – Community Food Service Efficiency Lending Program 
and the Renew Boston Residential Retrofit Program. The Community Food Service Efficiency 
Lending Program is a program that makes Energy Star appliance loans available for companies and 
non-profits in New England (DSIRE, 2011a). These loans are in an attempt to make purchase of 
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Energy Star appliances a viable option for entities such as restaurants, school cafeterias, church 
commissaries, and coffee shops, many of which are in low and middle-income communities. The 
Renew Boston Residential Retrofit Program allows eligible residents to increase the energy 
efficiency of their homes (DSIRE, 2011b). Using funding from the American Recovery and 
Reinvestment Act (ARRA), the program is able to provide up to $2,600 per household in energy 
efficiency improvements at no cost to the resident. 
2.5 City of Boston 
The City of Boston has recognized the need to take the initiative in decreasing energy 
consumption (Commonwealth of Massachusetts, 2011b). In August, 2008, the Commonwealth of 
Massachusetts passed the Global Warming Solutions Act. This act requires that statewide 
greenhouse gas emissions be 25 percent below 1990 emission levels by 2020, and that the 
greenhouse gas emissions be 80 percent below the 1990 emissions by 2050. The City is following 
through with these goals and has created a multitude of programs in order to fulfill them. Boston is 
tackling the problem on three major fronts: general energy conservation, transportation, and 
buildings.  
In March, 2009, Mayor Thomas Menino announced the Renew Boston initiative, which 
formed the Climate Action Leadership Committee (City of Boston, 2011b). The Renew Boston 
initiative has three goals: 200 megawatt electricity demand reduction by 2017, 25 megawatts of 
solar power generation by 2015, and a 7 percent reduction in greenhouse gas emissions by 2012. 
These goals are to be completed through a variety of improved energy efficiency initiatives and 
renewable energy solutions. This program is expected to cost $11.9 million but it will save Boston 
residents $3.4 million per year in energy costs. Through this program and others like it, the City 
hopes to be able to reduce its spending on energy and reduce its greenhouse gas emissions. 
The City is using multiple initiatives to reduce greenhouse gas emissions originating from 
transportation sources. According to the Boston Environmental and Energy Services Cabinet, all of 
the City’s diesel based vehicles are running on reduced sulfur fuels, which can reduce their carbon 
emissions by 12% to 17% (City of Boston, 2011e). The City also provides education and 
alternative fuel sources in order to help residents reduce their emissions. 
The Boston Bikes initiative is seeking to turn Boston into a bicycling city through creating 
safe and welcoming conditions for residents and visitors to use bikes throughout the City (City of 
Boston, 2011a). This initiative should reduce the number of commuters that rely on vehicle 
transportations, and thus reducing carbon emissions. 
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The Boston Environment Department is exploring the possibility of using Light Emitting 
Diodes (LEDs) for lighting public locations, sidewalks and roadways throughout the City (City of 
Boston, 2011d). There are over 67,000 streetlights in the City, all of which use a large amount of 
energy. Currently, the streetlights consume enough energy to release 24,000 tons of carbon 
emissions per year, a number that can be greatly reduced through the use of LED lighting systems. 
LEDs use significantly less energy in producing light and last considerably longer than traditional 
lighting methods. LED lights have been installed on the Boston Commons to demonstrate their 
efficiency. Several more of these demonstration areas have been proposed at various locations 
throughout Boston.  
The last effort to be mentioned is the City of Boston’s green building initiative. The 
Environmental and Energy Services Cabinet hopes to reduce carbon emissions by requiring all new 
buildings to pass a green building standard for energy efficiency (City of Boston, 2011e). Since 
buildings have been shown to consume large amounts of energy, a requirement that buildings be 
more energy efficient should help to reduce carbon emissions.  
2.6 Boston Fire Department 
 General information about the Boston Fire Department and a map of its locations can be 
found in Appendix A and Appendix B respectively. 
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Chapter 3.0 Methodology 
The original project goal was to highlight opportunities in reduction of energy consumption 
in Boston fire stations through the purchasing of high efficiency appliances. During investigation 
of this goal, it was concluded that other opportunities for energy reduction would yield higher 
savings than would the focus on appliances alone. By investigating multiple opportunities in 
energy consumption reduction, the project group will help to assist the City of Boston in reaching 
its energy efficiency goals.  
Prior to the project there was not an accurate inventory of appliances and electrical 
equipment in the Boston fire stations. The project team obtained this information in order to 
determine savings involved with replacement of conventional appliances with Energy Star 
qualified appliances. The inventory information was also used to determine the feasibility of 
savings in an immediate replacement of an appliance. The project team also used Mass Energy 
Insight in order to determine how much electricity and natural gas each station used and to 
determine which stations used #2 oil to heat and how much oil the station used. 
In the project, the team also observed behaviors among the fire station employees that 
affect energy consumption. This is used to factor into the appliance, lighting, heating and cooling 
energy consumption calculations. An appliance recommendation protocol was also created, which 
will be used encourage the Boston Fire Facility Director to purchase more efficient appliances.  
3.1 Appliance Inventory 
 Prior to the project there was not a complete inventory system in place at the Boston fire 
stations. One of the goals was to obtain as much information as possible during our visits to help 
populate the database in place. The project team visited eighteen of the City’s 35 fire stations. On 
arrival, the team presented itself as college students completing a project in order to collect 
information about City-owned appliances. The team stated that, upon completion of the project, the 
inventory would not only help fire stations expedite appliance replacement or repairs, but also 
would help with replacing appliances that are not broken but are inefficient.  
3.1.1 Appliance Inventory Information 
When at a fire station, the team inventoried all City-owned appliances and electrical 
equipment. These include, but are not limited to, refrigerators, water heaters, boilers, air 
compressors, snow blowers, stoves, ranges, microwave ovens, dishwashers, garbage disposals, 
washers, dryers, water coolers, computers, monitors, ellipticals, treadmills, ceiling-mounted 
heaters, garage door openers, and diesel exhaust systems. The project team collected as much 
 15 
 
information as possible, such as the location of the appliance in the fire station, manufacturer 
names, model numbers, serial numbers, and the year of purchase of each of these appliances, if 
available. An example of appliance information that was collected is shown in Appendix C. After 
all of the collected data were recorded into a spreadsheet, the information was used to complete 
various analyses.  
3.2 Return on Investment Calculations 
 Return on Investment (ROI) calculations were performed on the following City-owned 
appliances: dishwashers, refrigerators, water coolers and washing machines. The reasoning behind 
the selection of these appliances was based on Energy Star information. All of these appliance 
categories had Energy Star qualified models on the market, and had typical energy consumption 
estimates.  
The Return on Investment (ROI) calculations determines the amount of time for a specific 
investment to generate positive profits. The project team’s ROI is a specific type of net present 
value calculation that determines at what time the profit for replacing an appliance becomes 
positive.  
3.2.1 Determining Present Value 
 Present value calculations are necessary to perform an ROI. The present value used in the 
project teams return on investment is the difference of running costs, between the replacement 
appliance (Appliance B) and the appliance that is being replaced (Appliance A), discounted. In 
order to calculate the running costs, the project team used energy consumption estimates from 
Energy Star.  
3.2.1.1 Collection of Appliance Usage Data 
 In fire stations, appliances are typically used more than in the average household. Therefore 
the use of Energy Star estimations, which are based on average household usage, in the present 
value calculations gave a conservative output. To show this, the project team used Kill-A-Watt 
meters to meter the actual energy consumption for the appliances. The meters were installed in 
Station A as a test station, due to the willingness of the firefighters and the convenience of the 
station location. The meters could not be used on appliances where the power cord was not 
compatible with the meter or on appliances in confined spaces due to the meter’s size.  
In order to show that the Energy Star estimations were conservative for appliances where 
the meters could not be used, the project team conducted on-site interviews with fire department 
personnel. This was done to determine the average frequency of usage for the appliance. The 
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average number of uses was input in the Energy Star running cost calculations to show an assumed 
difference. The interview protocol can be viewed in Appendix D.  
The project team used the metered data and interview information to compare the City-
owned appliance running costs with the estimated appliance running costs from Energy Star. This 
comparison shows that the estimates on savings are conservative. 
3.2.2 Determining Net Present Value 
The net present value equation for this calculation is a sum of the present values up to a 
certain year, subtracting the purchasing, or initial, cost and the interest the purchase money would 
have earned invested elsewhere. The purchasing costs were obtained from Energy Star provided 
average retail prices. Dishwasher and Clothes Washer initial costs are average retail prices “in 
2009 from national retail data” (2010) (2009b). Refrigerator purchase costs are average retail 
prices “in 2008 from national retail data” (2009a), and water cooler purchase costs are from 
average “Industry Data 2007” (2009c). The return on investment portion of the equation is 
determining the year at which the net present value becomes greater than or equal to $0. 
The return on investment for appliance B to replace appliance A is the lowest value y for 
which NPV ≥ $0, 
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Equation 2. Net Present Value 
where a is the yearly operating cost of appliance A, b is the yearly cost of appliance B, P is the 
purchase cost of appliance B, i is the applied discount rate, I is interest the purchase money would 
have earned if invested elsewhere and y is the number of years since initial purchase. 
The interest earned I is calculated by 
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Equation 3. Interest Earned 
where P is the purchase cost of appliance B, r is the interest rate, and y is number of years since 
initial purchase. The interest is compounded daily over a 360 day year. The City’s current interest 
rate is equal to 0.215%. 
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The discount rate used for our present value calculations is the current rate of inflation, 
3.8%, obtained from the Bureau of Labor Statistic’s Consumer Price Index (2011). Due to the 
small amount of money that is present in the purchase, an appliance replacement would not be 
counted as a capital expenditure, thus there is no reason to use the borrowing rate of the City as the 
discount rate. Instead of factoring the interest rate of the City into the discount rate, it is being 
calculated separately and deducted from the net present value.  
The number of years for the return on investment was then used to determine if it would be 
practical to replace the appliance immediately. If the return on investment is within a reasonable 
number of years, usually the expected life of the appliance, then it is recommended that the 
appliance be replaced immediately. An example of this can be seen in Appendix E. 
3.3 Recommendation of Purchasing Energy Efficient Appliances 
 The project team investigated the benefits of purchasing Energy Star qualified appliance 
models. An energy and money savings calculation was performed. In this calculation, the typical 
energy consumptions, obtained from Energy Star estimations, of a conventional appliance and an 
Energy Star qualified model were compared.  
 Energy Star provides calculators based on assumptions and information from carefully 
conducted studies (Energy Star, n.d.a). The project team used these calculators to develop the 
recommendations for purchasing Energy Star qualified appliances. The team compared the 
estimated gas and electricity usage of both conventional and Energy Star compliant models to 
show the difference in total energy consumption per year and the difference in total cost of running 
per year. 
The calculations on energy and money savings are conservative because they are based on 
typical household energy usage obtained from Energy Star. Fire stations use appliances more than 
the typical household, thus causing a higher energy usage which would result in a higher savings. 
3.4 Selecting Stations for Further Analysis 
 Due to a large number of stations in the City of Boston, and limited time to complete the 
project, the project team had to use a sampling of stations to estimate energy usages for heating, 
cooling and lighting. The project team decided to list fire stations by cost of total energy use per 
square foot. This unit was chosen not only because it took into account the total amount of energy 
consumed and the cost of that energy per station, but also the size of the building. The project team 
then took a sampling that included the two lowest costs per square foot stations, the two highest 
and one station from the middle of the range. The purpose of selecting these stations was to focus 
 18 
 
on distinct parts of the range. By recognizing stations in these distinct parts, the project team then 
hoped to determine relationships between stations and their energy consumption. 
3.5 Heating and Cooling Energy Consumption Analysis 
In order to calculate the amount of energy needed to heat and cool individual stations, the 
project team analyzed billing data and determined patterns in usage. The project team graphed the 
usage of natural gas over time for the three past complete calendar years. A baseline gas use, 
defined as the amount of gas used by fire stations for applications other than heating (cooking, 
water heating, etc.), was identified from the average gas consumption in the months of July 
through September. These months were selected on the basis that heating systems are usually shut 
down during this time period. Due to the individual billing of specified fire stations, this baseline 
selection may be shifted by one month lower or higher to account for variable billing dates. In this 
situation, the shift was performed uniformly over the previous three calendar years for the 
particular station. Once the gas usage baseline was established, the project team subtracted the 
baseline value from the consumption value of months other than the baseline months. This new 
value represents the number of therms used to heat the fire station. This baseline method was not 
used for stations that heat using #2 oil. Since this type of fuel is only used for heating, in these 
stations all #2 oil consumption was credited to heating. 
 A similar method was used to find the kilowatt-hours attributed to cooling fire stations. The 
difference is that the project team graphed the electricity consumption, then obtained the baseline 
from the months of March, April, and May. It is not accurate to take baseline data from the coldest 
months since personal electric heaters are used to supplement the heating systems in the building. 
This baseline kilowatt-hour value was then subtracted from the peak kilowatt-hour usages in 
summer months of July, August, and September to determine the electricity usage for cooling. The 
sum of the resulting values represents the amount of electricity used to cool the fire station 
annually. A shift may again be applied in the same fashion it was applied to find the heat in order 
to account for different billing dates.  
3.6 Lighting Inventory and Analysis  
While in the five fire stations that were used as sample stations, the project team recorded 
information on the lighting systems in the stations. The information recorded included the locations 
of each lighting fixture, the number of lamps, the types of lamps and, when available, the wattage 
information of lamps. When wattage amounts on specific lamps were unable to be obtained, 
assumptions were made based on the wattage of similar lamps in the same station. In addition to 
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this inventory, the project team also had a firefighter provide information on how long each light 
was used each day on average. When the firefighter was unsure of how many hours a light was 
used each day, the residential standard of five hours was used. An example of the inventory and 
interview form used for this investigation can be found in Appendix F. 
Using this information, the project team determined how much money would be saved in 
these five stations if all of the T12 lamps were replaced with newer more efficient T8 lamps. The 
current daily energy consumption due to T12 lamps was calculated by converting the wattage on 
each lamp to kilowatts and then multiplying that by the number of hours used each day.  Current 
yearly energy consumptions were calculated by multiplying the daily energy consumption by 365 
days. This was compared with the theoretical yearly energy consumption, calculated using average 
power ratings ofT8 lamps, to determine what the usage would be if they were exchanged. The 
difference in energy consumption, current to theoretical, would be the yearly savings. An 
installation cost of replacing the lamps was calculated using the cost of the ballasts and cost of the 
lamps. This was combined with the yearly savings to perform an ROI for the lighting replacement.  
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4.0 Results and Analysis 
This chapter presents the results of the project group’s inventory of eighteen fire stations, 
which comprises of behavioral observations, appliance information and lighting data. The chapter 
also includes information from billing data collected from Mass Energy Insight. Using the 
information contained in this section, a number of analyses were performed. These analyses 
include heating, cooling and lighting energy consumption estimations and appliance replacement 
calculations. From the results of the analyses, recommendations on equipment replacement, 
policies of data collecting protocols and energy reduction from heating, cooling and lighting 
improvements for the City of Boston were formulated, which are presented in Chapter 5.  
4.1 Stations Selected for Further Analysis 
 
 After excluding fire stations that were determined to be outliers, such as Engine F which 
uses electricity for heating, the project team then selected a sample stations using methods 
described in Section 3.4. These stations included Engine B, Engine G, Engine R, Engine W, and 
Engine Y, which are represented in Figure 3. Fire data points highlighted in red were stations 
selected, while data points in black represented outliers that were discounted from this selection. 
 
 
Figure 3. Sample of Fire Stations for Further Analysis 
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4.2 Lighting  
As part of the inventory in the five sample stations, detailed information on the lighting 
systems in the stations was recorded. The majority of the lighting in fire stations is made up of 
four-foot fluorescent lamps, either T8 and/or T12, depending on the station. Of the five stations 
inventoried for lighting, 96% of the total lamps in the stations were of these types. The remaining 
4% of the lamps in the stations are made up of a variety of incandescent and compact fluorescent 
lamps. 
4.2.1 Lighting Trends  
Through the interview data collected from firefighters, it was discovered that a large 
number of the lights in the stations are illuminated for longer than the residential average of five 
hours per day. A large portion of the lights are used for at least twelve hours a day, some remain lit 
for twenty-four hours a day, such as those in hallways, stairways, and gathering places. This can be 
seen on Figure 4, which illustrates the percentages of lights with different daily running times for 
the five sample stations. As can clearly be seen from the chart, almost half of the lights are 
illuminated for twelve hours or more per day. For the five sample stations, 52% of the lights are lit 
twelve or more hours per day and 69% of the lights are lit for eight or more hours per day. A 
common cause for these long hours is that lights will frequently be left on throughout the station, 
even in locations where there is nobody to benefit from it. It is often common to see lights on in 
locations that have a significant amount of natural lighting; these lights would seem to be 
unnecessary during daylight hours. 
Although there is overall a trend for longer running times, the specific running times can 
vary greatly from station to station based on the needs and behaviors of the firefighters. For the 
individual stations, the lowest average running times for lights was about three hours per day, 
while the highest was thirteen hours per day. Since these values are based on estimated usage as 
reported by firefighter, there is a potentially large margin of error possible. Figure 4 contains the 
average running times for lights in a sampling of five fire stations as a percentage of total number 
of lights. 
 22 
 
 
Figure 4. Daily Running Times for Lights in the Five Sample Stations as a Percentage of Total Number of Lights. 
 
4.2.2 Lighting as a Factor in Energy Consumption  
With the data collected, a rough estimate of the yearly energy consumptions for lighting in 
each of the five sample stations was calculated. An example of these calculations for Engine B can 
be found in Appendix G.  
Table 1 is a chart of these calculated values for each station. In general, the stations that 
have higher average running times for their lights are consuming more energy for lighting. It can 
also be seen that there is large variation in the cost due to lighting in the stations, ranging from 
$600 to $5600, along with a range in cost per square foot from $0.04 to $0.43 just in these five 
stations alone. This high variation in the cost is most likely due to the variation in both the number 
of lights and the running times of the lights between the stations. In addition, the layout of the 
building and the fire fighter behavior changes from station to station, adding to the variance. 
 
Table 1. Lighting Cost per Station 
Fire Station ID
Number of 
Lights
Average Daily 
Usage (Hours)
Energy Usage/Year 
(kWh) Cost/Year
Lighting 
Cost/Square Foot
Engine B 117 3 4600 $600 $0.04
Engine R 119 8 14200 $1,850 $0.09
Engine G 392 9 42700 $5,560 $0.28
Engine W 213 13 40500 $5,270 $0.31
Engine Y 367 10 43100 $5,600 $0.43
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There were a total of 176 T12 lamps that were discovered in the five sample stations 
described in Section 3.4, about 18% of the total number of lamps in the stations. It would be 
possible to reduce energy consumption by replacing the T12s with more energy efficient T8s. 
These five stations currently make use of 60 watt 8’ T12s and 40 watt 4’ T12s. If they were to be 
replaced with the same type of T8s already being used in the stations, 51 watt 8’ T8s and 32 watt 
4’ T8s, there would be at least a 15% reduction in energy costs due to the T12s. Table 2 shows the 
savings for each station, summing up to an annual total of a 4000 kWh reduction and $530 cost 
savings for all five of the sample stations. Engine G did not make use of any T12 lamps, so it was 
not included in this analysis. 
 
Table 2. Savings from Replacing T12 Lamps with T8 Lamps. 
Retrofitting the T12 fixtures for T8 lamps would be a onetime cost of $15-$35 per fixture to 
replace the magnetic ballast for the T12 lamps with the electronic ballast for the T8 lamps; an 
average $25 per ballast was assumed. The cost of the T8 lamps themselves is about $15 for eight 
foot lamps and $8.50 for four foot lamps. Using these numbers, an estimated initial installation cost 
was calculated at about $3,500. Using this value, and the $530 yearly savings, a return on 
investment calculation, as defined in Section 3.2, was done on this lamp replacement, yielding a 
return on investment of eight years.  
4.3 Heating 
With the exception of Fire Station F, which uses only electricity to heat the building, fire 
stations typically use gas-fired boilers to create steam for heating purposes. This steam is then 
directed towards the living quarters of the fire station. Apparatus bays, where the trucks are kept, 
typically employ ceiling-mounted, gas-fired space heaters. These types of heaters are preferred to 
heat large open areas since they can heat the area more quickly and at a lower cost than heating 
with steam. 
4.3.1 Heating Trends 
To estimate the amount of energy consumed to heat the individual fire stations, the project 
group used billing information collected from Mass Energy Insight. Using the methods outlined in 
Fire Station 
ID
Number of 8' 
T12 Lamps
Number of 4' 
T12 Lamps
Current T12 
Consumption (kWh)
Estimated T8 
Consumption (kWh)
kWh 
Savings
Cost Savings 
($)
Engine Y 0 12 695 654 41 $5
Engine B 0 27 1781 1425 356 $46
Engine R 12 2 3329 2719 610 $79
Engine W 82 0 20498 17424 3074 $400
Total 94 41 26303 22222 4081 $530
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Section 3.5, the group created a baseline for individual stations in order to determine the therms of 
natural gas used to heat the fire stations. An example of the application of this method is shown for 
Engine B in Figure 5. The data points that were used in the construction of the baseline are 
portrayed as red data points. Area between the baseline and plotted therm usage represents the 
therms attributed to heating. 
 
 
Figure 5. Engine B's Analysis Heating Energy Analysis 
It was estimated that heating accounted for 62% of the total energy consumed, on average, in fire 
stations. The average was taken from the sample of fire stations based on energy cost per square 
foot as described in Section 3.4; the particular stations incorporated in the average are shown in 
Table 3. 
 
Table 3. Stations Selected in Average Based on Even Distribution 
Fire Station ID
Total Energy 
Consumption (kWh)
Total Energy 
Cost
Energy Cost Per 
Square Foot
Heating Energy 
Converted to kWh Heating Cost
Heating Percent 
of Total
Heating 
Percent of Cost
Engine R 436,380 $17,490 0.87 276580 $4,500 63% 26%
Engine B 401,780 $16,860 1.02 250730 $4,080 62% 24%
Engine G 560,450 $28,420 1.42 384730 $6,260 69% 22%
Engine Y 542,060 $29,680 2.28 328870 $5,350 61% 18%
Engine W 502,940 $45,160 2.63 266560 $16,670 53% 37%
Averages: 62% 25%
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One of the stations, Fire Station F, used electricity instead of gas to heat their facility. This 
station was shown to be the highest cost per square foot station, operating at $4.05 per square foot 
for total energy use. This is a tremendous difference in cost of energy per square foot from the 
second highest cost per square foot station, Fire Station W, at $2.68 per square foot. The third 
highest cost per square foot station, Station Y, is similar in both equipment and size to Station F; it 
employs gas to heat. The difference between these two similar stations reveals a difference in cost 
of $1.77 per square foot. Multiplying this difference by the equivalent square footage of both 
buildings reveals Station F spending $23,000 more per year on heating with electricity than a 
similarly sized station that uses gas, as shown in Table 4.  
 
Table 4. Stations with the Highest Cost of Energy per Square Foot. 
4.4 Cooling 
While visiting the fire stations, the project group was able to observe the equipment that the 
fire department uses to cool their stations. Many of these fire stations are equipped with a central 
air system to cool the facility. It was found that often these systems do not operate to their fullest 
potential or, in some cases, due to outdated equipment and irregular maintenance of the units; the 
central air systems were inoperable. In stations where there is no central air condition system 
installed, the fire department has purchased window units for the stations. In addition to air 
conditioning provided by the fire department, firefighters also supplement cooling with personal 
window air conditioners. These units are typically inefficient, older units that have been brought in 
from the firefighters’ homes.  
4.4.1 Cooling Trends 
At the beginning of this project, the project team was able to observe many of the fire 
stations during the cooling season. It could be seen that stations often utilized a central air system 
in addition to numerous window air conditioners to achieve desirable temperatures. The amount of 
energy devoted to cooling was calculated using methods described in Section 3.5. Using this 
method, we found that the fire stations from the sample selected as described in Section 3.4 used 
an average 4.36% of the total energy consumed to cool their buildings. This number includes the 
kilowatt-hour usage for both the central air system and individual window air conditioners. 
Fire Station ID
Cost of Total Annual 
Energy Consumption
Building Size 
in Square Feet Cost/Square Foot
Engine Y $29,680 13,000 $2.28
Engine W $45,160 17,200 $2.63
Engine F $52,700 13,000 $4.05
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Unfortunately this method makes it impossible to distinguish between city-provided cooling from 
cooling provided from personal units. Figure 6 has been provided to help illustrate how the cooling 
kilowatt-hours are calculated. It shows the plotted kilowatt-hour usage per month over the past 
three complete calendar years for Station Y as well as the calculated baseline. The baseline, 
calculated from the monthly usage data points in red, is subtracted from the July, August and 
September kWh consumption values to find the conservative amount of energy used to cool.  
 
 
Figure 6. Analysis for Determining kWh Used to Cool in Engine Y 
In order to illustrate the cooling and heating cycles, a graph has been provided in Appendix H 
which shows an overlay of natural gas and electrical energy consumption. 
4.5 Appliances 
 The project team visited eighteen fire stations and completed an inventory of City-owned 
appliances in each station. For each appliance, data were collected such as manufacturer names, 
brands, descriptions, model numbers, serial numbers and locations of the appliances. An example 
of a spreadsheet of data can be found in Appendix C. 
4.5.1 Appliances in Fire Stations 
 During the inventory process, the project team discovered that there are twenty-one 
categories of common energy-consuming appliances that are provided by the City to each station. 
A chart of these appliances is portrayed in Table 5. 
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Table 5. City Provided Appliances in Boston Fire Stations 
 A large number of the appliances that are commonly found in Boston Fire Stations do not 
have an Energy Star compliant alternative on the market. Therefore, appliances where no Energy 
Star alternative is available will not be considered in the appliance replacement analysis. These 
appliances are shown in Table 6. 
 
Table 6. Non-Energy Star Alternative Appliances 
 Appliances such as printers, water heaters and boilers were not considered in the appliance 
replacement analysis because there was not an appropriate amount of data from Energy Star to 
complete the Return on Investment calculations nor the replacement savings analysis. The project 
team also decided to concentrate on appliances where the most energy and money savings were 
available. The appliance replacement analysis was only completed on dishwashers, refrigerators, 
clothes washers, water coolers and computers. This is due to the fact that these appliances are large 
energy consumers and have Energy Star compliant models on the market. The project group 
decided to target these major appliances for further investigation into energy and money savings. 
4.5.2 Appliance Replacement Analysis 
To complete the appliance replacement analysis, information about the types of appliances 
and the behavioral usage trends needed to be collected. This information was collected during the 
inventory process. 
Refrigerators Water Heaters Clothes Dryers
Stoves/Ranges Motor Pumps Clothes Washers
Dishwashers Heater Fans Ellipticals
Garbage Disposals Boilers Treadmills
Microwaves Water Heater Burners Diesel Exhaust Systems
Water Coolers Garage Lift Motors Computers and Monitors
Radio Chargers Air Compressors Printers
City-Provided Appliances Found in Boston Fire Stations
Stoves/Ranges Motor Pumps Clothes Dryers
Garbage Disposals Heater Fans Ellipticals
Microwaves Water Heater Burners Treadmills
Radio Chargers Garage Lift Motors Diesel Exhaust Systems
Air Compressors
Non-Energy Star Alternative Appliances
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Typical household energy consumption estimations on conventional appliances and Energy 
Star qualified appliances, obtained from Energy Star standards, were used to perform return on 
investment calculations and appliance purchasing savings calculations. The estimations on typical 
energy usages were used from Energy Star because of the accuracy of the information. Energy Star 
conducts extensive studies to calculate the average yearly energy usage of an appliance (Energy 
Star, n.d.a). Because typical household energy consumption estimations are being used in the 
Return on Investment and replacement savings calculations, the project team believes that the 
calculations will have conservative outcomes due to the heavy usage of appliances in the fire 
stations.  
The first analysis completed on each major appliance was a Return on Investment 
calculation; an example can be seen in Appendix E. The result of this analysis would show whether 
or not it is practical to replace the appliance immediately to save money. The second analysis 
performed on each major appliance was to determine the benefits, both energy reduction and 
money savings, of purchasing an Energy Star compliant appliance model versus a conventional 
model when needed. The results of these analyses are outlined below. 
4.5.2.1 Dishwasher Replacement Analysis 
 In the eighteen fire stations inventoried, there were five dishwashers found that were not 
Energy Star qualified models. Also in the station visits it became clear that dishwashers in the fire 
stations were used frequently. The project group determined this through both observation and 
conversation. On multiple occasions the project group was told by firefighters in the stations that 
the dishwasher was usually used more than four times a day. Also on six separate occasions during 
the sixteen visits it was observed that the dishwashers in the stations were in use. The dishwashers 
in the fire stations are replaced often due to the abnormally high amount of usage.  
To perform the dishwasher replacement analysis, Energy Star’s estimated four dishwasher 
loads per week was used. It is also assumed in the calculations that the fire station has a natural gas 
water heater, as only one station does not use natural gas to heat water. 
Energy consumption and total cost per year of both conventional dishwashers and the 
Energy Star equivalent models are shown in Table 7.  
 
Table 7. Dishwasher Replacement Analysis 
Appliance Estimated kWh/Year Estimated Therms/Year Total Energy Usage/Year (kWh) Total Cost/Year
Conventional Dishwasher 167 9 431 $26
Energy Star Dishwasher 134 7 339 $21
Total Annual Savings 92 $5
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The estimated kWh per year and estimated therms per year were values obtained from Energy Star 
(2010). Total cost was calculated from the average cost values of electricity and natural gas, given 
by the City. 
Using this datum, plus the Energy Star estimated initial cost of an Energy Star dishwasher, 
which is $550 (2010), a Return on Investment (ROI) calculation was performed. This can be seen 
in Appendix E. Factors such as the initial cost of an Energy Stay qualified dishwasher and the 
running costs of both an Energy Star qualified appliance and a conventional appliance are used. 
Through the ROI calculation, it is deemed that there will not be a money savings within twenty 
years, and therefore it is unreasonable to replace conventional dishwashers immediately due to the 
lifespan of the dishwasher being shorter than twenty years. 
 Using the data found in Table 7, a replacement appliance benefit calculation was 
performed. This calculation shows the energy reduction and money saving benefits that would 
result from purchasing an Energy Star qualified dishwasher when needed.  The difference in yearly 
total running costs between a conventional dishwasher and an Energy Star qualified dishwasher is 
about five dollars. The resultant reduction in yearly energy consumption if the Energy Star model 
was purchased as opposed to the conventional dishwasher would be about ninety kWh. The 
difference in initial costs of an Energy Star model and a conventional model is $12 (2010). 
 These savings, both energy and cost, are conservative estimates because they are based on 
typical household usages. Through on-site interviews with fire fighters, it was determined that the 
dishwasher is typically used twenty-four times a week. This is twenty more times than the Energy 
Star estimated four. Thus, it can be inferred that the savings based on Energy Star estimates are 
conservative. Using the firefighter’s estimated twenty-four uses per week; the same calculations 
were performed and can be seen in Table 8.  
 
Table 8. Assumed Dishwasher Consumptions 
As shown in Table 8, the total yearly energy consumption savings would be about 500 kilowatt 
hours and the yearly cost savings would be about thirty dollars. 
4.5.2.2 Water Cooler Replacement Analysis 
Out of the eighteen fire stations inventoried, the project team found twenty-six water 
coolers, thirteen of which produced hot water in addition to chilled water. Out of these twenty-six 
water coolers, only one was Energy Star rated. 
Appliance Estimated kWh/Year Estimated Therms/Year Total Energy Usage/Year (kWh) Total Cost/Year
Conventional Dishwasher 926 53 2479 $146
Energy Star Dishwasher 737 42 1968 $116
Total Annual Savings 511 $30
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 The project team conducted a replacement analysis on both cold only water coolers and the 
water coolers that heated and chilled the water. The return on investment for replacing water 
coolers that only chilled water, found in Appendix K, was insignificant. Replacing these water 
coolers would only save an estimated $6.24 per year, yielding a payback period far longer than the 
average lifespan of a water cooler. The project team recognizes this is a conservative estimate 
considering the Kill-A-Watt Meter placed on a conventional cold-only water cooler consumed an 
estimated 51% more energy than Energy Star’s conventional annual estimate. 
 When a return on investment calculation was performed for the water coolers that also 
heated water however, it was seen that an ROI could occur during the fifth year, about half the 
lifespan of a water cooler of this type.  Total savings over the life span of this unit could reach up 
to $180. That would mean up to 43,320 kWh and $2,160 saved over the life span of all the units for 
just the eighteen stations inventoried alone.  
 Based on data provided by Energy Star (2009c) in Table 9, it can be seen that an Energy 
Star cold-only water cooler saves forty-eight kilowatt-hours per year when compared to a 
conventional model, whereas the Energy Star equivalent hot and cold water coolers save an 
average 361 kilowatt-hours per year when compared to conventional models. The cost differences 
are $6.24 per year and $46.93 per year, respectively. 
 
Table 9. Water Cooler Usages and Expenses 
4.5.2.3 Refrigerator Replacement Analysis 
In the eighteen stations inventoried, the project team found a total of eighteen City-owned 
refrigerators. Of these eighteen, only one refrigerator was an Energy Star qualified model. Aside 
from City-owned refrigerators, many stations also had additional refrigerators that are owned by 
the firefighters as personal appliances. Stations would often have up to a total of three or four 
refrigerators. The firefighters use the additional personal refrigerators to supplement the City-
owned refrigerator. In addition, at least one station did not have any City-owned refrigerators, as 
their refrigerator had been brought into the station by the firefighters, possibly replacing a City-
owned refrigerator they had in the past. 
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According to Energy Star (2009a), a conventional refrigerator, running twenty-four hours 
per day, uses 529 kWh of electricity per year. An Energy Star qualified refrigerator uses 423 kWh 
of electricity per year. This is illustrated below in Table 10. Through placing a Kill-A-Watt meter 
onto a refrigerator in a fire station for one week, it was estimated that it consumed about 655 kWh 
per year. This same refrigerator is rated for 416 kWh by Energy Star. This is most likely due to 
differences in usage patterns. The refrigerator is consuming over 50% more electricity than it is 
rated. Thus, these calculations are conservative. 
 
Table 10. Refrigerator Replacement Analysis 
Including the Energy Star estimated initial cost for an Energy Star refrigerator, $1,180, an 
ROI calculation was performed. This calculation can be found in Appendix I. As shown by the 
ROI, there will not be any savings within twenty years. 
Using the data in Table 10, a replacement appliance benefit calculation was performed. The 
results of this calculation show that there would be both energy and money savings that would 
result from purchasing an Energy Star qualified refrigerator instead of a conventional refrigerator. 
The difference in yearly running cost between an Energy Star and conventional refrigerator is 
about $14 and the difference in yearly energy consumption is about one-hundred kWh. The 
conventional refrigerator rated by Energy Star costs $1,150, which is $30 less than the Energy Star 
refrigerator. Thus, the difference in cost would be recovered in about two years. 
4.5.2.4 Clothes Washer Replacement Analysis 
In the eighteen stations inventoried, the project team found a total of seventeen City-owned 
clothes washers. Of these seventeen, only one clothes washer was an Energy Star qualified model. 
Several stations did not have city-owned clothes washers and instead had personal washers that the 
firefighters had bought themselves; possibly replacing a broken City-owned appliance. In addition, 
the clothes washers were not always used as efficiently as possible. The project team frequently 
saw clothes washers being run with small loads, often only one or two sets of clothing. This is 
wasteful as the clothes washers are generally designed to run with full loads. 
According to Energy Star (2009b), a conventional clothes washer, running at a minimum 
eighteen loads per week, uses 196 kWh of electricity in a year and thirty-four therms of natural gas 
due to water heating. An Energy Star model clothes washer uses 138 kWh of electricity per year 
Appliance Estimated Energy Usage/Year (kWh) Total Cost/Year
Conventional Refrigerator 529 $69
Energy Star Refrigerator 423 $55
Total Annual Savings 106 $14
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and nineteen therms of natural gas for water heating. This is illustrated in Table 11. Through 
placing a Kill-A-Watt meter onto a clothes washer in a fire station for one week, it was estimated 
that it consumed about 309 kWh per year. Since a conventional clothes washer is rated at 196 kWh 
per year, the clothes washer in the fire station is using about 50% more electricity. It is reasonable 
to assume an equivalent increase in gas consumption. 
 
Table 11. Clothes Washer Replacement Analysis. 
Including the Energy Star estimated initial cost of an Energy Star clothes washer, $750, an 
ROI calculation was performed. This calculation can be found in Appendix I. As shown by the 
ROI there will not be any savings within twenty years. 
Using the data in Table 11, a replacement appliance benefit calculation was performed. The 
results of the calculation show that there would be both energy and money savings from 
purchasing an Energy Star clothes washer as opposed to a conventional one. The difference in 
yearly running cost between an Energy Star and conventional clothes washer is about $15 and the 
energy savings are about five-hundred kWh. The conventional clothes washer rated by Energy Star 
costs $492, $258 less than the Energy Star clothes washer. It is important to note that this 
calculation and the ROI calculation do not take into account water costs, so the potential savings 
could be higher. 
4.5.2.5 Computer and Monitor Replacement Analysis 
Boston’s eighteen fire stations that the project team inventoried were typically equipped 
with at least three City-owned computers. Computer acquisition is handled by the Boston City 
Hall’s Department of Information and Technology (DoIT). When fire stations need a new 
computer, the request comes to DoIT where computers have already been standardized to pre-
selected models and have been mandated to meet Gold or Silver energy ratings at the time of its 
production. The project team found that Dell computers had been standardized across the fire 
stations. Specifically these Dell computers were limited to the OptiPlex 745, OptiPlex 755, and 
OptiPlex GX260 models. All of these models were Energy Star rated, computer version 4.0, in the 
year 2005.  Since then, version 5.0 of the computer specifications has been released, with a version 
6.0 currently being constructed. The project team also observed that City-owned computers were 
all connected to energy efficient LCD flat panel type monitors rather than the CRT type monitors, 
which are costlier to run.  
Appliance Estimated kWh/Year Estimated Therms/Year Total Energy Usage/Year (kWh) Total Cost/Year
Conventional Clothes Washer 196 34 1192 $42
Energy Star Clothes Washer 138 19 695 $27
Total Annual Savings 497 $15
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Computers in the fire stations were observed to be used primarily for office work such as, 
email, scheduling, and printing. Because fire stations are twenty-four hour facilities, computers are 
often left on continuously. However, many of them have power saving modes enabled and 
although the computer may not be shut off, it is still using about half of the energy that would be 
consumed if power saving was not enabled.  
Returns on investment for computers are not significant enough to justify replacing city-
owned computers. The amount of savings to be had by upgrading does not cover the cost of a new 
computer in its typical four-year life span, at the end of which existing City policy will assure 
replacement with an energy efficient model. 
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5.0 Conclusion and Recommendations 
In order to reduce the energy consumption by Boston Fire Stations, the project team 
investigated four main areas of usage. These areas included appliances, cooling systems, heating 
systems and lighting systems. The project team visited eighteen Boston fire stations to determine 
the types of appliances and how they were used in the individual stations. The team then analyzed 
billing data, from Mass Energy Insight, for five strategically picked fire stations to determine 
energy use attributed to heating and cooling. Finally, the types of lighting and the lighting usage 
were analyzed for the same five strategically picked fire stations.  
It was determined that appliance replacement would only yield significant savings for hot 
and cold water coolers, about 4,700 kilowatt-hours a year. Through the installation of occupancy 
sensors, energy consumption for lighting could be reduced by up to 20%, resulting in an annual 
14,600 kilowatt-hour reduction in the five sample stations alone. Improvements on the building 
envelope could help to cut energy used for cooling and heating by up to 20% as well, or 22,000 
kilowatt-hours, 8,500 therms, and 1,300 gallons of oil, annually. The sum of the energy savings 
mentioned in this section would add up to more than one billion British Thermal Units (BTUs) of 
energy.  
5.1 Appliance Recommendations 
During the investigation of energy consumption reduction the project team started by 
concentrating on the replacement of fire station appliances. It became evident that the appliances 
with the greatest reduction in energy consumption were dishwashers, refrigerators, clothes 
washers, water coolers and computers. The recommendations of replacement of these appliances 
are outlined in this section. 
5.1.1 Dishwashers, Refrigerators and Clothes Washers 
The analysis for dishwashers, refrigerators and clothes washers had similar results. Due to 
the extremely long period required to obtain a return on investment for these appliances, it is not 
recommended to replace non-Energy Star compliant models immediately. However, it is still 
recommended to purchase Energy Star compliant models when the current appliances need 
replacement.  
This is due to the annual energy and money savings that can be gained from purchasing an 
Energy Star model versus a conventional appliance model, as detailed in Table 12.  
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Table 12. Dishwasher, Refrigerator and Clothes Washer Savings. 
Also in Table 12, the differences in purchase prices are outlined. As can be seen, the difference in 
purchase price of dishwashers is $12 which will be earned back in less than three years through 
annual energy savings. Similarly, it would take a little over two years to net the differences in 
purchase cost of a refrigerator. Both of these appliance types are recommended to replace with 
Energy Star models when purchasing. 
It is important to note that these savings do not take into account water costs for 
dishwashers and clothes washers, which could offer potentially higher savings for the annual cost. 
As can be seen in Table 12, clothes washers have a $258 difference in purchase price. This means 
that based on energy reduction savings alone, it would not be plausible to purchase the Energy Star 
qualified model. Clothes washers net the difference in purchase price mainly in water costs and 
savings, but because water costs and savings were not taken into account in this project, the results 
of the project group’s analysis shows that it is unreasonable to purchase Energy Star clothes 
washers. In addition, as explained in Chapters 3 and 4, due to the usage patterns in fire stations 
likely causing these appliances to consume more energy than they are rated for, these savings are 
conservative.  
5.1.2 Water Coolers 
Water coolers are a common appliance throughout the fire stations, and a fire station often 
has more than one. The project team identified two common types of water coolers that were being 
used in these fire stations. For chill-only water coolers, the project team recommends purchasing of 
an Energy Star compliant replacement only after the appliance needs to be replaced. Immediate 
replacement would not be sensible since savings would not cover the initial procurement cost. The 
cold-only Energy Star qualified water cooler would provide a $6 annual savings and a forty-eight 
kilowatt-hour annual reduction in energy as opposed to a conventional model. 
Water coolers that provide both heated and chilled water should be replaced immediately 
with Energy Star compliant equivalents in order to capitalize on the savings that would yield a 
return on investment halfway through the life cycle. 
Energy Star Appliance Type Annual Energy Reduction (kWh) Annual Savings Difference in Purchase Cost
Dishwasher 92 $5 $12
Refrigerator 100 $14 $30
Clothes Washer 500 $15 $258
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5.1.3 Computers and Monitors 
The computers and monitors in stations are up to date. The computers currently in the 
stations are compliant with the 4.0 version of energy efficiency standards for computers. The only 
recommendation to be made is to continue to purchase energy star compliant computers when 
needed.  
5.1.4 New Technology 
Making smart choices about when to upgrade to newer technology is a proven way to earn 
significant savings. A great example of an emerging technology is the relatively new gas 
condensing water heaters. This technology can yield a reduction of up to 30% in energy usage 
for water heating (Energy Star, 2011b). Gas condensing water heaters do this by reusing hot 
gases that are typically vented out of previous water heaters. The reuse of this gas means the 
burners don’t have to work as hard, saving the user money on their gas bill. This could mean 
significant savings for fire stations.  
5.2 Lighting Recommendations 
From the analysis in the stations, the lighting was a significant cost in the stations, up to 
$5000 in some stations. This can likely be attributed to the large amount of time that the lights are 
being used; there are firefighters at the stations twenty-four hours per day. On average, using data 
from the five sample stations, a light in fire station is on for nine hours per day, significantly longer 
than typical lighting use in a home or office building. This section outlines three recommendations 
on how to reduce the energy consumption due to lighting. These modifications can be used in 
conjunction to maximize energy savings in the lighting systems.  
5.2.1 Replacing Lamps 
Many of the lamps currently being using in the fire stations are inefficient compared to 
lamps that are on the market today. Many of these lamps can be easily replaced with more efficient 
ones. T8 lamps consume at least 15% less energy than the T12 versions of the same lamp, while 
providing close to the same illumination. Replacing all of the T12 lamps with the same variety of 
T8s already in use in the stations would yield the City about $500 in total yearly electricity savings 
for the five stations. 
The return on investment for this replacement comes out to eight years. This calculation 
does not take into account replacement costs after the initial costs. Since T8s make use of electric 
ballasts, they will generally have longer life than T12s; reducing how often they need to be 
replaced. Thus, the project team recommends these lamps be replaced as soon as possible. 
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As an alternative to remaining with fluorescent tube lighting, the Fire Department could 
consider using LED lamps to replace the lamps in the stations. LED lights are significantly more 
efficient than existing fluorescent or incandescent lamps, up to a 65% energy reduction total. 
However, LED lamps are still a new technology, and prices are high, especially for the tube lights 
that would be used in the majority of the stations. LED lights would need to be investigated further 
in order to determine if they would provide savings to offset the cost of replacing them, although it 
may be more prudent to wait to see if the prices drop. The smaller LED lamps used to replace 
compact fluorescent lamps and incandescent bulbs are starting to see widespread use and 
affordable prices, these are likely to be profitable for replacement now. 
5.2.2 Installing Lighting Occupancy Sensors 
A way to reduce lighting in unoccupied rooms would be to install occupancy (i.e., motion) 
sensors. An occupancy sensor turns on the lights if it detects someone in the room, and turns them 
off when it detects no one after a specified period of time. Occupancy sensors are commonly in use 
in all sorts of buildings, from office buildings to residential buildings. Occupancy sensors would 
help to reduce the amount of time per day that lamps are active, thus reducing their total electrical 
consumption. The most common and well known type of occupancy sensor is a motion sensor.  
Occupancy sensors combined with fluorescent lamps can sometimes pose problems in 
locations where the lamp will not be used for a long time. The lifetime of fluorescent lamps will be 
reduced with frequent turning off and on, so occupancy sensors should generally only be used in 
places where the occupant will spend longer than fifteen minutes, such as a kitchen or dining room. 
However, rooms that are used infrequently, such as bathrooms, would still benefit from occupancy 
sensors because it will prevent those lights from being left on for long periods unused. 
Occupancy sensors would only be beneficial for the residential sections of the fire stations, 
not in the apparatus bays. The bays are large and have many obstructions, reducing the ability of 
the occupancy sensor to effectively determine if there is someone there. The five sample fire 
stations spend $9500 annually on lighting for areas other than the apparatus bays. According to a 
publication by the State of Michigan (n.d.) occupancy sensors have “typical savings achievable for 
specific building areas, as determined by EPA studies, with the average savings being 60%” (p.3). 
The lowest possible savings provided was 20%. This value was used to show conservative savings 
of implementing occupancy sensors in the five fire stations, excluding the apparatus bays, of 
$1900. 
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5.2.3 Installing Lighting Photo Sensors 
In order to reduce the number of lights that are on in locations with natural lighting, photo 
sensors can be used. Photo sensors detect the amount of natural lighting in the room, and only turn 
lights on when the natural light is below a certain level. These sensors would be effective in rooms 
that have a large number of windows or other openings to the outside that provide illumination 
during the day. 
5.3 Converting Oil Consuming Stations to Natural Gas Consumption 
While looking at billing data, it was discovered that three fire stations use #2 oil to heat 
their facilities. On average, #2 oil over the last three fiscal years cost about three dollars per gallon 
(Commonwealth of Massachusetts, 2011a). Heating with #2 oil tends to be more costly than 
heating with natural gas. When comparing two similarly-sized fire stations, one that heats with #2 
oil (Engine W) and one that heats with natural gas (Engine R), the difference in cost is significant. 
On average over the years of 2008-2010, Engine W spent around $17,000 annually on heating oil 
while Engine R spent around $4,300 annually on natural gas for heating purposes. Engine R is 
actually larger on a square foot basis, yet spends less money on heating. This is also due to the 
differences in building envelopes, employee temperature preferences and other factors. Yet, the 
cost of heating is still significant, even with the differences in stations, that it led the project group 
to recommend the conversion of #2 oil burning stations to natural gas. This is a common practice 
in the City, as these are some of the last stations remaining that burn #2 oil. Further investigation 
should be conducted.  
5.4 Building Envelope 
One of the most important recommendations the project team has is to improve building 
envelopes. When inventorying fire stations, the project group noticed areas of improvement for the 
facilities that would cause a reduction in energy usage. One improvement could include installing 
new windows. The current windows in the majority of the eighteen inventoried fire stations are 
single pane windows. The efficiency of the building would benefit immensely with the installation 
of new windows. Another beneficial change would be to insulate the buildings better, especially 
insulating while repairing roofs, which is a common repair. The “EPA estimates that homeowners 
can typically save up to 20% of heating and cooling costs (or up to 10% of total energy costs) by 
air sealing their homes and adding insulation in attics, floors over crawl spaces, and accessible 
basement rim joists “ (Energy Star n.d.b). This percentage of reduction in costs also includes 
replacing windows with Energy Star qualified models. Saving 20% of heating costs in the five 
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sample stations alone would mean over $7,000 annually. The project group recommends further 
investigation into the feasibility of improving the building envelope. This should include thermal 
imaging of the fire stations and pressurizing the stations in order to find potential areas for 
improvements such as sealing and insulating. 
5.5 Apparatus Bay 
Heating the fire stations is a major contributor to the energy consumption, which also 
translates into a large portion of the cost of energy. The project team suspects that heating the 
apparatus bays is a large portion of this cost. During the wintertime, heat leaves the bays when the 
firefighters open the doors to leave on a call and when they open the doors to come back. This 
means stations have to heat their apparatus bays twice every time a particular fire station needs to 
respond to a call. In order to retain heat, the project team investigated a technology called air 
curtains. Air curtains are a type of device that blows a sheet of air across open doorways to create a 
thermal barrier. This is illustrated in Figure 7, where an air curtain can be seen above a door 
opening. The blue arrows represent the indoor air, while the orange arrow represents the sheet of 
air created by the air curtain device. Large nationally known retail stores often employ air curtains 
to keep the cold out of the building without impeding the flow of traffic in and out of the buildings. 
Integrating this technology into fire stations could help cut heating costs while allowing fire 
fighters to work fast and efficiently.  
 
Figure 7. How Air Curtains Work (Mars Air Systems, 2011) 
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5.6 Policies 
 Outlined in this section are recommendations on policies that should be implemented 
throughout the fire stations. These recommendations are based largely on observation and 
discovery. 
5.6.1 Future Inventory 
Due to the limited amount of time to complete this project, the project team was unable to 
visit all thirty-five of the fire stations, and thus was unable to complete a full inventory. The project 
team recommends that, to complete the inventory, the Fire Department make use of future 
contractors that are dispatched to stations for maintenance or replacement. The contractor can fill 
out the form in Appendix L for each of the City-owned appliances in the fire station to which he or 
she is dispatched. The completed form will contain all the information needed for the inventory of 
the appliance. This information could be attached to the completed work order. Once the work 
order was submitted the appliance information could be input into the appropriate database to track 
the inventory. 
5.6.2 Personal Appliances 
A large number of appliances in the fire stations are not City-owned, but are instead 
personally owned appliances that the firefighters brought from home. Some of these appliances are 
old and inefficient, and thus consume a larger amount of energy than more efficient appliances. 
The project team recommends that a policy be put into place that requires personal appliances that 
the firefighters bring in from home to be Energy Star appliances (if applicable), ensuring that they 
will be efficient. Such a policy would reduce the energy cost due to personal appliances and would 
save the City money.  
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Appendix A: Boston Fire Department 
 
The City of Boston Fire Department is the oldest fire department in the nation, serving for 
over 328 years (City of Boston, 2011f). The department serves the greater Boston area, an area of 
about 47.3 square miles and a population of 574,283 people. The department has a 1,611 total 
personnel count, 1,457 of whom are uniformed. The City of Boston’s Fire Commissioner is 
Roderick Fraser, the 37
th
 Commissioner of the Fire Department. Under the commissioner, the 
officers of the department have the following titles, given in declining order: Chief of Operations, 
Deputy Fire Chief, District Fire Chief, Fire Captain, and Fire Lieutenant. 
The fire fighting force is organized into three different types of partitions: divisions, 
districts and companies (City of Boston, 2011f). Each division consists of a number of districts, 
and each district consists of a number of companies. There are two divisions, each under the 
command of a Deputy Fire Chief. There are 11 districts, each under the command of a District Fire 
Chief. There are a total of 70 companies, classified into the following types: engine company, 
ladder company, rescue company, tower company, and marine unit. 
The engine company is the most basic company of a fire department. The engine company 
is the unit most directly responsible for putting out fires in the city, using fire engines to provide 
water and personnel to the scene of the fire (City of Boston, 2011f). The goals of an engine 
company are to rescue victims, to protect exposures, to confine the fire, to extinguish the fire, and 
to overhaul the firehouse grounds. The Boston Fire Department has a total of 33 engine companies. 
Ladder companies are an integral part of the firefighting operations (City of Boston, 2011f). 
While the engine company is concerned with the actual extinguishing of the fire, the ladder 
company is concerned with providing access to all parts of a building that is on fire. The ladder 
company crew is also concerned with thinning the heat and smoke in an area, creating greater 
visibility to allow engine company crews to move more effectively through a building that is on 
fire. A ladder company has the same goals as a fire company, and both are required at every scene 
of a fire. The Boston Fire Department has a total of 18 ladder companies. 
A rescue company is concerned with more than just fires (City of Boston, 2011f). Since the 
Fire Department gets called in for all sorts of accidents, the rescue company responds to deal with 
these problems. This does not mean, however, that a rescue company is not needed at a fire. At a 
fire, the rescue company can be used to run a hose line at a fire, or can be used as a ladder 
company. Rescue companies are usually sent in to conduct secondary searches for survivors in a 
fire. The Boston Fire Department has two rescue companies, one for each division. 
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Appendix B: Map of Boston Fire Station Locations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Firehouse Locations [Map]. (2011). Retrieved from http://www.cityofboston.gov/fire/locations.asp 
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Appendix C: Example of Collected Appliance Information 
 
 
  
Asset Manufacturer Description Model Serial Location
 
Air Compressor Wood Inc. Prod. Co. 665344 E893.5 105
Air Compressor Dayton Speedaire 9NCG4 L12/27/06-00028 110
Boiler Weil-McLain Co Inc. #2 Oil 005268 105
Boiler Burnham PV77WC TBWN 64017480 105
Burner Weil-McLain Co Inc. WRL8.2-0-10 P327322 105
Burner Beckett AFG 980316-68746 105
Computer Dell Tag # BFD07-125 Optiplex 745 207
Computer Dell Tag # BFD07-126 Optiplex 745 206
Computer Dell Tag # BFD07-124 Optiplex 745 210
Computer Dell Optiplex 745 205
Computer Dell Optiplex 755 102
Garage Door Opener Vanguard 110
Garage Door Opener Vanguard 110
Garage Door Opener Vanguard 110
Garage Door Opener Vanguard 110
Generator Consolodated Power, Inc. 60D8T EF93808 106
Heater Trane 106
Heater Trane 110
Heater Trane 110
Printer HP LaserJet P2055dn BOISB-0801-00 CNB9936111 207
Printer HP LaserJet 2200 C7064A JPGGB66734 206
Refrigerator General Electric GTS22KBPBRWW SG300652 223
Snow Blower Ariens 921012 004847 105
Stove Garland 223
Treadmill LifeFitness TR 9000 346422 201
Water Cooler OASIS BPG1SRK 0313106667 224
Engine W Spreadsheet
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Appendix D: Interview Protocol for Fire Station Employees; Behaviors 
 
1. Introduction of ourselves, Worcester Polytechnic Institute Students 
 
2. Explain our IQP project.  
a. We are asset tagging in Boston fire stations in order to manage assets in the fire 
houses. We will obtain this information by going into a sample of fire houses. Then 
we will input this information into an asset software program. We will use this 
information, coupled with a Capital Equipment Replacement Program, to improve 
the buying of appliances in fire houses. 
 
3. Can you estimate the number of times that each appliance is used? 
a. Run through this question making sure to cover each appliance. 
 
4. Can you estimate the amount of time each appliance is used for? 
a. Run through this question making sure to cover each appliance. 
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Appendix E: Return on Investment Dishwasher 
 Equations and assumptions for the following Return on Investment (ROI) calculation can 
be found in Chapter 3. 
 
 
 
 
 
 
 
$25.05 ROI (Years)
$21.71 0
$550
PV NPV
$3.21 -$548.00
$3.10 -$546.11
$2.98 -$544.35
$2.87 -$542.69
$2.77 -$541.15
$2.67 -$539.70
$2.57 -$538.36
$2.48 -$537.11
$2.39 -$535.96
$2.30 -$534.90
$2.21 -$533.92
$2.13 -$533.03
$2.05 -$532.22
$1.98 -$531.49
$1.91 -$530.83
$1.84 -$530.25
$1.77 -$529.73
$1.71 -$529.28
$1.64 -$528.90
$1.58 -$528.5820
14
15
16
17
18
19
8
9
10
11
12
13
2
3
4
5
6
7
Dishwasher
Current Running Cost
Replacement Running Cost
Replacement Procurement Cost
Years After Procurement
1
Conventional Average (kWh/Year) Price/kWh ($/kWh)
167 $0.13
Conventional Average (Therms/Year) Price/Therm ($/kWh) Running Cost/Year Total Running Cost
7 $0.48 $3.34 $25.05
Energy Star Average (kWh/Year) Price/kWh ($/kWh) Running Cost/Year Initial Cost ($)
134 $0.13 $17.42 $550
Energy Star Average (Therms/Year) Price/Therm ($/kWh) Running Cost/Year Total Running Cost
9 $0.48 $4.29 $21.71
Running Cost/Year
$21.71
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Room Lamp Type Size Number Wattage Usage
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
1 Hrs 2 Hrs 4 Hrs 8 Hrs 12 Hrs 16 Hrs 20 Hrs 24 Hrs
Appendix F: Lighting Inventory and Interview Form 
Engine Number: ______________ 
Can you estimate the approximate amount of time per day each light in the station is used? 
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Appendix G: Engine B Lighting Inventory and Calculations 
 
 
 
 
Calculations 
 
kWh per Year = Wattage ∙ Hours Run ∙ 365 / 1000 
Cost per Year = kWh per Year ∙ $0.13 (Cost of Electricity) 
 
  
Location Type Number of Lamps Hours Run Wattage kWh per Year Cost per Year
(Inventoried) (Inventoried) (Interviewed) (Inventoried) (Calculated) (Calculated)
102 4' T12 F 6 4 40 350.4 $45.55
104 4' T8 F 32 2 32 747.52 $97.18
201 4' T8 F 6 8 32 560.64 $72.88
202 4' T8 F 2 2 32 46.72 $6.07
204 4' T8 F 2 4 32 93.44 $12.15
205 4' T8 F 2 4 32 93.44 $12.15
207 Incandescent 1 2 52 37.96 $4.93
210 4' T12 F 8 1 40 116.8 $15.18
210 4' T8 F 8 1 32 93.44 $12.15
301 4' T8 F 4 8 32 373.76 $48.59
302 4' T8 F 4 8 32 373.76 $48.59
303 4' T8 F 4 2 32 93.44 $12.15
307 4' T12 F 11 8 40 1284.8 $167.02
B01 4' T12 F 2 1 40 29.2 $3.80
B02 4' T8 F 7 1 32 81.76 $10.63
B03 4' T8 F 18 1 32 210.24 $27.33
Totals 4587.32 $596.35
Engine B Lighting Inventory and Calculations
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Appendix H: Engine Y kWh and Therm Consumption Graph 
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Appendix I: Return on Investment Refrigerator 
Equations and assumptions for the following Return on Investment (ROI) calculation can 
be found in Chapter 3. 
 
 
 
  
$68.77 ROI (Years)
$54.99 0
$1,180
PV NPV
$13.28 -$1,169.32
$12.79 -$1,159.14
$12.32 -$1,149.43
$11.87 -$1,140.17
$11.44 -$1,131.36
$11.02 -$1,122.97
$10.61 -$1,114.99
$10.23 -$1,107.40
$9.85 -$1,100.20
$9.49 -$1,093.36
$9.14 -$1,086.87
$8.81 -$1,080.73
$8.49 -$1,074.91
$8.17 -$1,069.41
$7.88 -$1,064.21
$7.59 -$1,059.31
$7.31 -$1,054.69
$7.04 -$1,050.35
$6.78 -$1,046.27
$6.54 -$1,042.44
8
7
14
13
12
11
10
9
20
19
18
17
16
15
1
2
3
4
5
6
Current Running Cost
Replacement Running Cost
Replacement Procurement Cost
Refrigerator
Years After Procurement
Conventional Average (kWh/Year) Price/kWh ($/kWh)
529 $0.13
Energy Star Average (kWh/Year) Price/kWh ($/kWh) Running Cost/Year Initial Cost ($)
423 $0.13 $54.99 $1,180
Running Cost/Year
$68.77
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Appendix J: Return on Investment Clothes Washer 
Equations and assumptions for the following Return on Investment (ROI) calculation can 
be found in Chapter 3. 
 
 
 
  
$41.69 ROI (Years)
$27.00 0
$750
PV NPV
$14.15 -$737.50
$13.63 -$725.52
$13.14 -$714.04
$12.65 -$703.05
$12.19 -$692.53
$11.74 -$682.45
$11.32 -$672.81
$10.90 -$663.59
$10.50 -$654.77
$10.12 -$646.33
$9.75 -$638.28
$9.39 -$630.58
$9.05 -$623.23
$8.72 -$616.21
$8.40 -$609.52
$8.09 -$603.14
$7.79 -$597.06
$7.51 -$591.26
$7.23 -$585.75
$6.97 -$580.5120
14
15
16
17
18
19
8
9
10
11
12
13
2
3
4
5
6
7
Clothes Washer
Current Running Cost
Replacement Running Cost
Replacement Procurement Cost
Years After Procurement
1
Conventional Average (kWh/Year) Price/kWh ($/kWh)
196 $0.13
Conventional Average (Therms/Year) Price/Therm ($/kWh) Running Cost/Year Total Running Cost
34 $0.48 $16.21 $41.69
Energy Star Average (kWh/Year) Price/kWh ($/kWh) Running Cost/Year Initial Cost ($)
138 $0.13 $17.94 $750
Energy Star Average (Therms/Year) Price/Therm ($/kWh) Running Cost/Year Total Running Cost
19 $0.48 $9.06 $27.00
Running Cost/Year
$25.48
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Appendix K: Return on Investment Water Cooler 
Equations and assumptions for the following Return on Investment (ROI) calculation can 
be found in Chapter 3. 
 
 
 
 
 
  
$13.78 ROI (Years)
$7.54 0
$175
PV NPV
$6.01 -$169.37
$5.79 -$163.97
$5.58 -$158.78
$5.38 -$153.79
$5.18 -$149.00
$4.99 -$144.40
$4.81 -$139.98
$4.63 -$135.75
$4.46 -$131.68
$4.30 -$127.77
$4.14 -$124.03
$3.99 -$120.43
$3.84 -$116.99
$3.70 -$113.68
$3.57 -$110.51
$3.44 -$107.47
$3.31 -$104.56
$3.19 -$101.78
$3.07 -$99.10
$2.96 -$96.55
8
7
14
13
12
11
10
9
20
19
18
17
16
15
1
2
3
4
5
6
Current Running Cost
Replacement Running Cost
Replacement Procurement Cost
Cold Only Water Cooler
Years After Procurement
Conventional Average (kWh/Year) Price/kWh ($/kWh)
106 $0.13
Running Cost/Year
$13.78
Energy Star Average (kWh/Year) Price/kWh ($/kWh) Running Cost/Year Initial Cost ($)
58 $0.13 $7.54 $175
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$103.87 ROI (Years)
$56.94 5
$191
PV NPV
$45.21 -$146.21
$43.56 -$103.07
$41.96 -$61.53
$40.43 -$21.53
$38.95 $16.99
$37.52 $54.09
$36.15 $89.81
$34.82 $124.20
$33.55 $157.32
$32.32 $189.21
$31.14 $219.92
$30.00 $249.49
$28.90 $277.95
$27.84 $305.36
$26.82 $331.75
$25.84 $357.16
$24.89 $381.61
$23.98 $405.16
$23.10 $427.83
$22.26 $449.65
8
7
14
13
12
11
10
9
20
19
18
17
16
15
1
2
3
4
5
6
Current Running Cost
Replacement Running Cost
Replacement Procurement Cost
Hot/Cold Water Cooler
Years After Procurement
Conventional Average (kWh/Year) Price/kWh ($/kWh)
799 $0.13
Running Cost/Year
$103.87
Energy Star Average (kWh/Year) Price/kWh ($/kWh) Running Cost/Year Initial Cost ($)
438 $0.13 $56.94 $191
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Appendix L: Future Inventory Protocol 
 
Instructions: For the asset that you serviced, record the following information along with any 
additional observations about the appliance, such as its condition. 
 
Name:    Station:    Date Verified:    
 
Asset:       
Manufacturer:     
Brand:      
Model #:      
Serial #:      
Additional Comments: 
 
 
